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Introduction
induced ischaemia is not yet well defined 1 '" 61 . Data
The cardiovascular response to physical training in from animal studies have shown significant changes patients with ischaemic heart disease and exercise-'" myocardial perfusion after physical training' 7 " 10 !, confirming the beneficial effects of regular exercise. ' . With the purpose of obtaining further information as to the feasibility, risks and benefits of a brief period of intense physical training in patients with recent myocardial infarction we undertook a prospective trial in 160 consecutive patients in NYHA classes I and II within two months of acute infarction; these patients underwent ergometric testing during electrocardiographic and haemodynamic monitoring before and after at least four weeks of physical training. In this paper the short-term results relative to 46 patients who presented ECG signs of myocardial ischaemia with exercise are reported and discussed.
Materials and methods

PATIENTS AND PROTOCOL
The patients were 46 males, ranging in age from 35 to 67 years, in NYHA classes I and II, evaluated in our Centre within two months of onset of the first myocardial infarction (MI). Only patients who fulfilled the following criteria were admitted to the study: (i) Q-wave MI 20 to 60 days prior to the exercise test; (ii) exercise-induced ST-segment depression 5*1 mm; (iii) absence of angina at rest; (iv) no clinical evidence of heart failure; and (v) no clinical, electrocardiographic or echocardiographic signs of pericarditis, atrioventricular or intraventricular conduction disturbances, ventricular hypertrophy, non-ischaemic valvular or myocardial diseases. After obtaining written consent for the invasive studies, all patients underwent: (i) an S-L exercise test in the supine position with ECG and haemodynamic monitoring; (ii) anterio-posterior and lateral chest films for calculation of heart volume according to Musskoff* 22 '; and (iii) a four-week period of supervised physical training.
Chest films were taken, and ergometric testing with continuous haemodynamic monitoring was carried out after a mean of 35 ± 15 days of acute MI and repeated after 31 ± 3 days of training. All medications were withheld before both tests; the wash-out period was 7 days for digitalis, 72 h for beta blockers, 48 h for calcium antagonists and antiarrhythmic agents, and 24 h for nitrates. During the period of physical training, 18 patients were in treatment with nitrates, five with beta blockers, seven with calcium antagonists, three with digitalis and two with antiarrhythmic agents. No patient was on amiodarone, and two patients were on no drugs.
ERGOMETRIC TEST
A maximum symptom-limited exercise was carried out in the supine position with 25-W increments every 6 min using a Siemens-Elema cycloergometer with electromagnetic brakes. Conventional 12-lead electrocardiograms were recorded at rest, every 2 min during exercise, and every 1 min during recovery; two leads were monitored continuously on the oscilloscope. The parameters analysed were repetitive ventricular arrhythmias, baseline number of pathological Q waves >40 ms (NQ), sum of STsegment depressions 2=1 mm 80 ms after the J point (E ST), number of leads with ST-segment depression 2=1 mm at rest, at maximum work-load and at equivalent work-load. The work-load of appearance of ST-segment depression of 1 mm identified the ischaemic threshold. The criteria used for stopping the test were: (i) fatigue, (ii) typical angina, (iii) clinical evidence of ventricular failure, (iv) STsegment depression &4 mm, and (v) repetitive premature ventricular beats. No complication was observed during testing or during the subsequent 24-h observation period.
A 7F Swan-Ganz catheter for thermodilution was introduced percutaneously and positioned in the pulmonary artery under fluoroscopic control before starting the ergometric test. Pressure transducers (HP 1290A) were placed 5 cm below the angle of Louis. Cardiac output was determined by thermodilution (9250 Col. Edwards Lab.); 10 ml of an icecooled 5% glucose solution was injected manually twice, and the mean of the two values was considered. Blood pressure (BP) was measured with a sphygmomanometer, and mean pressure was calculated using the formula: [systolic + (2 diastolic) pressure/3]. Measurements were made at rest, 5 min after positioning the catheter, between the fourth and sixth minute of each step, and at 1, 3, 7 and 10 min during recovery. The following haemodynamic parameters were evaluated: systolic blood pressure, diastolic blood pressure, mean pulmonary wedge pressure (PWP), cardiac index (CI), stroke volume (SV) calculated with the formula CO/HR, and total systemic resistances (TRS) calculated with the formula:
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PWP was considered normal if it was =£12 mmHg at rest and <20 mmHg during exercise.
Arterio-venous O2 difference was determined at rest and at each exercise step. Arterial oxygen saturation was measured under baseline conditions, and venous oxygen saturation at rest and at each exercise step (CO-oximeter 282-Instrumentation Laboratories).
PHYSICAL TRAINING
Six days a week for four weeks the patients carried out a programme of physical activity consisting of 30 min of light gymnastics, 20 min of pedalling, and 20 min of free body exercise. The pedalling and free body sessions were preceded by 5 min of warming up and followed by 5 min of cooling down.
The HR reached during training was 80-90% of that observed at the ischaemic threshold.
of Q waves was 3-6 ± 1-6. The mean initial heart volume was 427 ± 100 ml m~2 and showed no significant variation after the period of physical training (417 ± 93 ml m"
2 ). Anginal pain occurred in 25% of the patients during El and in 26% during E2. Repetitive premature ventricular beats were observed during exercise in 7% of patients either before or after training. The main haemodynamic parameters recorded during the pre-and post-training ergometric tests are reported in Table 1 . Under baseline conditions none of the parameters analysed varied significantly. Posttraining work capacity, heart rate, cardiac index and arterio-venous O2 difference increased significantly at peak exercise, while neither stroke volume nor PWP changed. At matched load a significant reduction was observed in heart rate and PWP with no changes in other parameters.
STATISTICAL ANALYSIS
The electrocardiographic and haemodynamic parameters recorded during the ergometric tests before and after the period of training were analysed using one-way analysis of variance. For each parameter the mean ± standard deviation was calculated; P < 0-05 was considered significant.
Results
The physical training was carried out regularly by all patients with no complication. The mean number Tables 2 and 3 show the data obtained after division of the patients into groups according to their ischaemic threshold (ischaemic threshold =£2700 kpm in 23 patients, and >2700 kpm in 23 patients) and work capacity (work capacity =£5400 kpm in 28 patients and >5400 kpm in 18 patients) in El. Patients with an elevated ischaemic threshold or good work capacity presented a substantially normal haemodynamic pattern, while those with a low •P < 005. HR, heart rate; sys BP, systolic blood pressure; RPP, rate pressure product; AA-V02, arterio-venous oxygen difference; PWP, pulmonary wedge pressure; CI, cardiac index; SV, stroke volume; TSR, total systemic resistances. Table 1. ischaemic threshold or a poor work capacity had an elevated PWP at peak exercise despite the lower work capacity. At an equal work-load after training, a significant reduction of heart rate was evident both in the patients with elevated and low ischaemic thresholds; a similar decrease was observed in PWP, which reached significance only in the group with an elevated ischaemic threshold.
HAEMODYNAMIC PATTERNS RELATED TO EXERCISE CAPACITY AND EXERCISE-INDUCED ECG CHANGES BEFORE TRAINING
In the groups with different work capacity at matched load, HR and PWP decreased significantly only in the group with a higher work capacity. The haemodynamic picture remained substantially unchanged in the subjects with an initially low work capacity.
The increase in work capacity was similar in the groups with low (4360 ± 1734 vs. 6466 ± 2785 kpm) and high (9891 ± 2140 vs. 12566 ± 3688 kpm) initial work capacity.
HAEMODYNAMIC AND ELECTROCARDIOGRAPHIC CHANGES AFTER TRAINING
In 31 patients, work capacity increased, and in 15 it remained unchanged. The haemodynamic data of the two subgroups are reported in Table 4 . In patients with unchanged work capacity the haemodynamic picture, including heart rate, did not change at all. On the contrary, in patients with an increased work capacity after training, at matched load reduction was evident in HR and left ventricular filling pressure, the mean value of which became normal.
In the post-training ergometric test 33 patients (72%) still showed ST-segment depression, while 13 patients (28%) no longer had ECG signs of myocardial ischaemia on effort. The ischaemic threshold in the first ergometric test appeared much more elevated in the second group of patients (ischaemic threshold: 5481 ± 2614 kpm vs. 2714 ± 2291 kpm, P < 0-05). In the 33 patients with persistent STsegment depression neither ischaemic threshold nor ST-depression measured at peak exercise varied significantly after training (ischaemic threshold: 2714 ± 2291 kpm vs. 2736 ± 2622 kpm and S ST: 5-2 ± 3 mm vs. 5-9 ± 4 mm, NS). The same patients presented a reduced work capacity and Cl with a higher exercise-PWP compared to the patients without persistent ST depression (Table 5) . After training, however, the haemodynamic trend was similar in the two groups and consisted in a decrease both in HR and left ventricular filling pressure with no change in the other haemodynamic parameters.
During the post-training exercise test ischaemic threshold increased 900 kpm or more in 23 patients, showed no change (8) or decreased (15) in 23 patients. Work capacity and initial haemodynamic performance were superimposable in the two groups (Table  6 ). After training, HR decreased significantly and left ventricular filling pressure became normal in the group showing an increment in ischaemic threshold, while the haemodynamic pattern was unmodified in the group with a decreased or unchanged ischaemic threshold.
Results coherent with these data were obtained after dividing the patients according to the change in amount of ST-segment depression. At matched work load the sum of ST-segment depression increased in 20 patients and decreased or remained unchanged in 26 ( Table 7) . The haemodynamic picture did not vary in the patients in whom increased ST-segment depression was evident, but HR and left ventricular filling pressure decreased significantly in the patients in whom the sum of ST-segment depressions decreased.
Discussion
Of the 160 recent post-infarction patients studied, 29% showed ECG signs of myocardial ischaemia • P < 005. t For meaning of abbreviations see footnote to Table 1. during exercise, associated with angina in only 25% of them. Only ST-segment depression was considered an expression of exercise-induced ischaemia. ST elevation on effort, present in 61/160 patients (39%), was always observed at the site of the previous necrosis. In the absence of ECG criteria permitting classification of the cause (dyskinesia and/or ischaemia) of this phenomenon, it seemed preferable to concentrate attention on ST depression alonel 23 -24 ). In summary, a brief period of intense physical activity in patients with Q-wave myocardial infarction and residual ischaemia revealed: (i) the presence of a training effect documented by a significant increase in work capacity and a significant reduction in heart rate at an equal maximum work-load; (ii) no worsening of the haemodynamic situation; (iii) reduction of left ventricular filling pressure during exercise with no change in cardiac output or stroke volume; (iv) patients with low work capacity or low ischaemic threshold showed exertional left ventricular dysfunction, and in both groups ventricular function tended to improve after training; (v) the degree and extent of ST-segment depression was not indica- tive of either a different haemodynamic pattern before training or a different response to physical training; (vi) in patients with no clinical signs or symptoms of pump dysfunction a high ischaemic threshold is usually associated with normal haemodynamics and is frequently accompanied by disappearance of ST depression after training, even in the presence of a significant increase in work capacity; (vii) in patients with persistent ST-segment depression after training neither haemodynamic picture nor ischaemic threshold changed; and (viii) the increase in ischaemic threshold and work capacity after training indicates improvement of the cardiovascular function.
An important methodological consideration in studies of physical exercise concerns the duration and intensity of the training. In a recent study, Ben-Ari et a/.' 17 ' concluded that decreases in heart rate and ischaemic threshold were not significantly different after moderate as opposed to intense physical training. Considering the potential risks of intense physical training, they advised a programme of moderate training. In our Centre the period of training is brief and so has to be intense to allow documentation of its effects. With this type of training, in our experience the incidence of cardiac arrests has been 1/61,500 h/ patient of exercise' 25 ', similar to that reported by others' 26 '. A similar programme of physical training has been carried out for eight weeks in patients with severe inoperable coronary artery disease without problems. In this type of patient using an overall approach which included drug treatment, Smith et a/.' 27 ' found a drastic reduction in weekly episodes of angina which, from a mean of 8-47 ± 2 episodes before training, fell to 0-89 ± 0-3 after training. It has to be noted that in our study the patients were evaluated during drug wash-out.
The invasive haemodynamic studies before and after training did not then increase risks of the ergometric test and furnished considerable information . In contrast to the findings of other studies which used other methods of evaluation and longer periods of training' 4 ' 28 ' 29 ', we observed no variation in stroke volume or cardiac output either under baseline conditions or during exercise. On the other hand, the decrease in left ventricular filling pressure at matched load was significant in the total patient population. The same finding was observed after training in subsets of patients who presented either a greater work capacity and a higher ischaemic threshold in pre-training exercise or increased work capacity, increased ischaemic threshold or decreased ST depression after training. This suggests a series of non-invasive parameters useful for evaluating the haemodynamic course of patients with postinfarction ischaemia. Of the electrocardiographic variables, ischaemic threshold is more closely correlated with ventricular function than is electrocardiographic entity or the extent of ST-segment depression.
Half of the patients presented an increased ischaemic threshold after training. In many of them ischae-mic threshold was elevated before training, and after training ECG normalization was observed, even in the presence of a greater work capacity. In this group of patients ischaemia on effort did not seem to depress ventricular function which behaved in a substantially normal fashion even during exercise. Numerous authors have reported an increment in ischaemic threshold after periods of training which varied from 2 to 12 months 115   -17   '   301 . However, both in experimental animals' 31 ' and in patients with ischaemic heart disease there is no clear demonstration of changes in the extent of the collateral circulation or an increase in myocardial perfusion after training' 19 '. Thus, the explanation of the increase in ischaemic threshold is not clear. It might be due to subtle and dynamic modulation of coronary vascular tone by the autonomic nervous system. Together with unknown mechanisms, there are the better defined effects of training on musculature and the autonomic nervous system, and conditioning changes in the peripheral circulation and heart rate which permit an increase in work with a lower expenditure of myocardial energy.
In the absence of a control group our study does not permit conclusions about the effects of physical training in patients with exercise-induced ischaemia after infarction. Indeed, studies carried out in patients not trained, or undergoing only light physical training, have shown spontaneous improvement in work capacity, O 2 consumption and haemodynamic picture in the first 2-3 months after infarction 32 . Our aim was simply to document the feasibility and safety of a brief period of intense physical training in a prospective study including post-infarct patients with exercise-induced myocardial ischaemia treated in accordance with the rules of a good rehabilitation programme.
